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The Determination of the Critical Loads of 


Plane Frames 


by S. J. McMinn, M.Eng., Ph.D., A.M.I.Struct.E., A.M.I.C.E. 


Synopsis 


The critical load of a plane frame is that at which 
the resistance offered by the frame to any random 
disturbance is nil. For this state the stiffness matrix 
corresponding to all possible disturbances is singular. 
The elements of this matrix are quantities used in 
the moment distribution methods previously proposed 
and for most loads, not close to the critical load, the 
stability, or otherwise, of the frame is determined by 
inspection without performing the moment distribution. 
For loads near the critical load the problem is trans- 
formed into the calculation of the largest latent root 
of an allied matrix. This calculation is simpler than 
moment distribution. 


Introduction 


Merchant, Bowles and Smith 1-3 have developed 
a method for determining the critical loads of frames 
Which uses the modified stiffmess and carry-over 
factors tabulated by Livesley and Chandler*. The 
use of these factors is explained in some detail in a 
paper by Merchant and Salem5. 

The method adopted is one of trial and error. A 
trial load is chosen and then a set of random distur- 
Dances is applied to the frame. The effect of these 
disturbances is calculated by Moment Distribution 
and the critical load is that at which the structure 
fiers no resistance to the disturbance, so that the 
deflexions become infinite. 

The method has two major defects. First, complete 
calculations must be made for several loads and, 
second, for loads around the critical load the calculation 
converges slowly or not at all. Bolton’ has attempted 
to deal with this second defect by concentrating on the 
fate of convergence, but there are two objections to 
his method. First, the fact that his calculation cannot 
converge above the critical load does not prove that 
it must converge below and, second, many calculations 
diverge at first and converge later. 


Disturbance Stiffness Matrix 
If, however, the problem is set up in matrix form 
the critical load can be determined with much less 
arithmetic, most trial loads being classified as stable 
or unstable by inspection. The random disturbances 
May be considered to take the form of a set of applied 
loads which may be listed as a column matrix W»5. 
Except at the critical load the structure will deform 
into a definite shape and the displacements of the 
points of application of W, may be listed as a column 
Matrix A,. Since we are considering only those 
Structures that obey Hooke’s Law we may write 
Wp= Ky: Ay» - ‘ ; : - (1) 
The clements of the Disturbance Stiffness Matrix, Kp, 
afe constants depending on the load the structure 
carrying, but not on W)». 


At the critical load any Wy will produce A, with 
infinite terms in it and, conversely, if the structure is 
held in a certain disturbed shape no effort is needed 
i.e., Wy is null. This means that the criterion for the 
critical load is that Wy should be singular, i.e., its 
determinant det Wp, should be zero. 

‘Calculating the value of det W, for a series of 
trial loads is a tedious business, but fortunately the 
problem can be simplified by noting two facts. _ 


(1) If a determinant is dominated by its leading 
diagonal, its value cannot be zero. That is, if 
each element on the leading diagonal is numeri- 
cally greater than the sum of the numerical values 
of all the other elements in the same row, or 
column, the determinant cannot be zero. At 
zero applied load, as will be seen later, Ky is 
strongly dominated and as the elements of 
the matrix change smoothly with the applied 
load the dominance is reduced as the critical 
load is approached, disappearing near the 
critical load and not re-appearing until well 
above it. Hence the dominance of the leading 
diagonal is a practical indication that the 
structure is stable. 


If one of the diagonal elements of Ky is zero 
or negative, the structure is unstable. Applying 
a displacement to the corresponding point on 
the structure with all other points locked will 
incur a zero or negative resistance. Hence the 
locked frame is unstable and the actual critical 
load has been exceeded. 


Allied Matrix 

For trial loads between these two criteria the 
problem is transformed into one of calculating the 
largest latent root of an allied matrix. 

Let 

Kp = B + D ° ° ° ° . (2) 

where D is a diagonal matrix whose elements are the 
leading diagonal of Ky and B is the rest of Ky with 
its leading diagonal all zero. 

From this 

Ky =(B-D-!1+D)D . - (3 

D is non-singular, since if any of its elements are zero 
the frame is unstable. Therefore when Kp is singular 
so is (B- D-1+]). This means that the matrix 
B-D-1 has a latent root A=>—1l1. B-D~-! is 
formed from Ky by dividing each column by the 
diagonal element which is in the same column and 
making the leading diagonal all zero. Hence when 
Ky is dominated by its leading diagonal the sum of 
each column of B - D-—1 is less than i. If the largest 
column sum is a, then all latent roots of B - D-! lie 
between a and —a. Since the latent roots change 
smoothly as do the elements of Kp it is seen that the 
latent root A = —1 is the largest negative latent 
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Frames Without Sway 
























me nS Cite For triangulated frames such as that shewn in Fig, | 

o1w O-1w the failure at the critical load takes the form of 

f uncontrolled rotation of the joints. Hence Wp takes 

the form of a list of moments applied to the joints 

A and A, is the corresponding set of rotations. Using 

t OF " > the stiffness and carry-over factors mentioned above 

| ang M, = GS(sk)iy + DO(ske)yy - - ~~ (5) 
a where 


M; is the moment applied to joint ¢, 
Fig. 1. 6; is the rotation of joint #, 

ij is a typical member joining 7 to a 
neighbouring joint 7, 

k =I1/L or El/L 

s = stiffness factor, 

¢ = carry-over factor. 
Hence the elements of Kp are 






root of B - D~1, Unfortunately, it is not necessarily 
the largest of all the latent roots since the trace of 
B - D~* is zero, so that there must be some positive 
roots also. In practice this difficulty can be overcome 










by forming the allied matrix ki; = sk for all members meeting at ¢ 

Ga 3 -D~t—I " ; } * (4) kiy = ske for the member 4). 
whose largest negative latent root is 4; = — 2 when The truss shewn in Fig. 1 has been treated by many 
Kp is singular and whose positive roots are usually writers and appears in Livesley and Chandler’s tables, 











very small if there are any at all. The preliminary calculations are 


















Member L I k=EI/L Py Py 01 
AB & A’B’ 129-24 5-20 543-2 41-43 4-443 0-1072 
BC & B’C 129-24 5-20 543-2 41-43 2-962 0-0715 
AD & A’D’ 120-00 4-40 495-0 40-71 4-125 ~0-1013 
DE & D’'E 120-00 4-40 495-0 40-71 4-125 -0-1013 
BD & B’D’ 48-00 0-70 196-9 40-49 1-000 -0-0247 
BEs& B’E 129-24 1-96 204-7 15-63 1-481 0-0948 

CE 96«00 0-96 135-0 2-100 -0-1513 
















Py = 2? El /L2 = x2 R/L P, is the force in each member 
when W = 1 obtained by means of a force diagram. 
pi = Pi/Py 





The next step is to choose a load parameter which it is hoped will be near 
to the critical load For this a value of W is chosen that makes the largest 
value of p for a compression member about unity. 






In this case W = 10, and we have— 















Member k °10 s c sk ske 
AB & A’B’ 543-2 1-072 2-338 1-074 1270-00 1363 -98 
BC & B’C 543-2 0-715 2-956 0-777 1605-70 1247 -63 
AD & A’D’ 495-0 -1-013 5-185 0-336 2566 -58 862 -37 
DE & D’E 495-0 —1-013 5-185 0-336 2566 -58 862-37 
BD & B’D’ 196-9 —0-247 4-310 0-446 848 -64 378-49 
BE & B’E 204-7 0-948 2-556 0-952 523-21 498-10 

135-0 -1-513 5- 0-291 768-15 223 -53 





From the last two columns K p is compiled. 












> 













A B Cc D E D’ B’ A 
3836-58 1363-98 0 862 -37 0 0 0 0 A 
1363-98 4247-55 1247 -63 378-49 498-10 0 0 0 B 
0 1247-63 3979-55 0 223 -53 a 1247 -63 9 Cc 
862-37 378-49 0 5981 -80 862 -37 0 0 0 D 
0 498-10 223 -53 862-37 6947-73 862 -37 498-10 0 E 
0 0 0 0 862-37 5981-80 378-49 862-37. D’ 
0 0 1247 -63 0 498-10 378-49 4247-55 1363-98 B’ 
0 0 0 0 0 862-37 1363-98 3836-58 <A’ 






The letters in the top row and the last column are for guidance only, to shew 
the derivation of each element. It is seen that Ky is dominated by its leading 
diagonal and so the frame is stable. 







The load parameter is now doubled. 
W = 20 










sk ske 






Member 













AB & A’B’ 543-2 2-144 —0-324 -11-970 —176-00 2106-72 
BC & B’C 543-2 1-430 1-613 1-740 876-18 1524-55 
AD & A’I’ 495-0 -~-2-026 6-168 0-258 3053 - 16 787 -72 
DE & D’E 495-0 —2-026 6-168 0-258 3053 - 16 787 -72 
BD & B’D’ 196-9 —0-494 4-620 0-403 909 -68 366 -60 
BE & B’E 204-7 1-896 0-450 7-480 92-12 689 -06 

CE ‘ 945-00 202-23 
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From this Kp is compiled as before— 
2877 -16 2106-72 0 787 -72 0 0 0 0 
2106-72 1701-98 1524-55 366 -60 689 -06 0 0 0 
0 1524-55 2697 -36 0 202 -23 0 1524-55 0 
787 -72 366 -60 0 7016 -00 787 -72 0 0 0 
0 689 - 06 202 -23 787 «72 7235 -56 787 -72 689 - 06 0 
0 0 0 0 787 -72 7016-00 366 -60 787 -72 
0 0 1524-55 0 689 -06 366 -60 1701-98 2106-72 
0 0 0 0 0 787 -72 2106-72 2894-44 


This matrix is not dominated by its diagonal. Hence matrix Qao is formed 
by dividing each column by its diagonal element and replacing all diagonal 
elements by — 1. 


-l 1-2378 0 0-1123 0 0 0 
0-7322 -1 0-5652 0-0523 0-0952 0 0 

0 0-8958 -1 0 0-0279 0 ° 0 
0-2738 0-2154 0 -1 0-1089 0 0 

0 0-4049 0-0750 0-1123 -1 0-1123 0 

0 0 0 0 0-1089 -1 

0 0 0 +5652 0 0-0952 0.0523 

0 0 0 0 0 0-1123 ° -I 


The largest latent root of Qap is 
Ay = — 2-41 
and the corresponding modal column is 
x = {1 -1-131 1-428 -0-067 0-585 -0-067 =1-131 1} 
A specimen calculation of these quantities is given in the appendix to this paper. 


Since A, is more than — 2 the frame is unstable. 
Hence the critical load lies between W=10 and W=20. We next try 
W=15 


Member k P15 s ; sk skc 
4B & A’ B’ 543-2 1-608 1-200 651-84 1626-34 
BC & B’C 543-2 1-073 2-330 1265 -56 1368 -07 
1D & A’ D’ 495-0 —1-520 5-701 2822-00 821-20 
DE& DE 495-0 —1-520 5-701 2822 -00 821-20 
BD & B’ D’ 196-9 —0-371 4-460 878-17 375 -86 
BE&B’E 204-7 1-422 1-634 334-48 572-30 
CE 135-0 —2-270 6-380 861-30 211-88 


From this Kp is calculated as before— 


3473 -84 1626-34 0 821-20 0 0 0 
1626 -34 3130-05 1368 -07 375 -86 572-30 0 0 
0 1368 -07 3392 -42 0 211-88 1368 -07 0 
21-20 375-86 0 6522-17 821-20 0 0 
-30 211-88 821-20 7174-26 821-20 572-30 0 

0 0 821-20 6522-17 375 -86 821-20 

1368 -07 0 572-30 375 -86 3130-05 1626-34 

0 0 0 821-20 1626 -34 3473 -84 


This matrix is not dominated by its leading diagonal and so Qj; is calculated— 


-l 0-5196 0 0-1259 0 0 

0.4681 -l * 0-4033 0-0576 0-0798 0 
0 0-4371 -l 0 0-0295 0 

* 2364 0-1201 0 -1 0-1145 0 

0 0-1828 0-0625 0-1259 -1 0-1259 
0 0 0 is. 0-1145 -1 1201 0 -2364 
0 0 0-4033 0 0-0798 0-0576 —I 0-4681 
0 0 0 0 0 0-1259 -5196 -l 


The largest latent root of Qj5 is 
Ar = — 1-787 
and x; = {1 -1-474 1-616 —0-164 8.608 -0-164 1-474 1] 
Note the family likeness between the modal columns and also their symmetry. 
Both of these may be used to speed up the calculation. 


Since A, is less than —2 the frame is stable, and so the critical load lies 
between W = 15 and W = 20. Try W =17°5 
Member k 017.5 s ee sk skc 
AB & A’ B’ 543 - 1-876 0-508 ° . 1814-37 
BC &B’C 543- 1-251 1-989 . 080 - 1440-21 
AD & A’ D’ 495-0: —1-773 5-939 D+ 939 - 805-51 
DE& DE 495- -1-773 5-939 ‘ 939 - 805-51 
BD & B’ D’ 196 -¢ —0 -432 4-539 . 93-75 369-16 
BE&B’E 204 - 1-659 1-028 . 210-4: 628-75 
CE 135- —2-648 6-704 . 905- 206 -30 


From this we get Kp 


3215-76 1814-37 0 805-51 0 

1814-37 2460-53 1440-20 369-11 0 

0’ 1440-20 3065-88 0 0 

805-51 369-11 0 6773-35 0 a 
628-76 206-35 805-51 805-51 628-76 
0 0 0 6773-35 369-11 805-51 

0 1440-20 0 369-11 2460-53 1814-37 

0 0 0 805-51 1814-37 3215-76 


20 
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and then (17.5 is 


-l1 0-7374 0 0-1189 0 0 0 
0-5642 —1 0-4698 0-0545 0-0873 0 0 
0 0-5853 -1 0 0-0286 0 0-5853 
0-2505 0-1500 0 -1 0-1118 0 0 
0 0-2555 0-0673 0-1189 -1 0-1189 0-2555 0 
0 0 0 0 0-1118 -1 0-1500 0-2505 
0 0 0-4698 0 0-0873 0-0545 —1 0+5642 
0 0 0 0 0 00-1189 0-7374 -1l 


of which the largest latent root is 
Ar = — 2-0004 
and x, = {1 -1-338 1-548 -0-118 0-607 -0-118 -1-338 1} 
Hence the critical load is We =17-5tons. This 
may be compared with Livesley and Chandler’s value 
of 39 kips. i.e. 17-4 tons. 


Frames With Sway 
Following Bowles and Merchant? the frame is 
teplaced by an equivalent single bay multi-storey 
frame, since failure will be by swaying sideways. 
Again the disturbances take the form of joint rotations 
and the elements of Kp, after allowing for sufficient 
sway to keep the horizontal shear balanced, are 
hu =Z(mkiy+6kn  -  * CC) 
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where 7 are the stanchion legs above and below j 
and #2’ is the beam at ¢ 
kiy = — (ok)iy : : : . - (7) 


At zero load » =o = 1 so that the matrix K,, is 

seen to be dominated by its leading diagonal as be‘ore, 
The frame shewn in Fig. 2 is that considered by 

Bowles and Merchant and the calculations leading to 

the equivalent frame, using Lightfoot’s? method, are 
for stanchion 77 


_ oh ee ee Te 
Pym + Pee + Pes + 





where 
Py = actual load in the nth stanchion at 
level 17 


Py~x = Euler load in the nth stanchion at lev] 
kiy = } sum of J/L values for all stanchions 
at the level ij 
for beam ii’, 
ky’ = sum of J/L values for all beams at 
level 2%’. 
These calculations, then, are 
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Equivalent 
Member Equivalent o k 
14-6 + 29-3 + 14-6 
440 + 440 + 440 
43-4 + 86-8 + 43-4 
745 + 793 + 745 
72-2 + 144-3 + 72-2 
1110 + 1550 + 1110 


AB & CF = 0-0443 0-945 


DG & FJ 43-4 = 0-0760 1-685 


Gi & JM 72-2 = 0-0766 2-600 
100-9 + 201-8 + 100-9 


KN & MP 100-9 oe 100 «| 
1320 + 1880 + 1320 


= ()-0893 3-120 


5 + 259-8 + 129-6 


NO & PS 129-6 ; 29 
5 + 2380 + 1275 


= 0-1053 3-460 
BE 29-3 
EH 86-8 221 ‘ . 793 
HL 144-3 378 2: 1550 
_O 201-8 460 2°6 1880 
IR 259-8 602 3° 2380 

AB & BC - 492 -76 < 
All other beams ~ 1226 = 


The equivalent frame is shewn in Fig. 3. 

The working loads shewn in Fig. 2 are multiplied by 
a load parameter W. If W = 10-0 we get 9 = 1 in 
the bottom stack and obviously this is above the 
critical load. Hence we start with W = 5-0 





Ps n Oo nk 
-95 0-2215 0-1368 1-4849 0-1300 
-69 0-3815 —0-7519 2-0811 —1-2707 
2-60 0-3835 —0-7653 2-0907 —1-9898 
3-12 0-4465 —1-2258 2-4311 -—3-8245 
3-46 0-5260 ~—1-9497 2-9989 ~6-7460 


From these figures the matrix Kp is formed 





21-2500 —1-4107 0 

—1°-4107 51-5393 —3-5171 
0 —3-5171 49-4195 
0 0 —5 -4358 
0 0 0 


0 

0 
—5 -4358 
46-8657 —7-585 
-7-5850 42- 


This matrix is dominated by its leading diagonal 
all of whose elements are positive. Hence the frame 


is stable. The critical load lies 


Pg n 


0- 3544 -0-5776 


1: 
6136 -3-0396 


between W = 5-0 and 


o nk ok 
1-9575 -0-5487 1-8596 
3-8696 -5-0556 6-5396 
3-9111 -7-9030 10-1689 
5-6843 -15-8802 17-7350 


0- 
0-6104 -2-9915 
0- 

0- 


95 
69 
60 
12 


2 
3 7144 -5-0257 
3-46 0-8416 -10-8613 11-2347 -37-5801 38-8814 
From this Ky is 
20-5713 —1-8596 0 0 0 
-1-8596 47-0757 -—6-5396 0 0 
0 -6-5396 39-7214 -10-1689 0 
0 0 —10-1689 28-8968 -17-7350 
0 0 0 -17-7350 —0-7803 


hss is negative and so the frame is unstable 
For W = 7-0 


Member 7 n ° nk ok 
AD . “ -3159 1-7778 -0-3001 1-6889 
DG . . 0352 3-0683 -3-4395 5-1854 
FK . -536$ 0653 3-0928 -5-3698 8-0413 
KN . 625 2163 4-0639 -10-0349 12-6794 
NQ . . 6457 6-2566 -19-5341 21-6478 


From this Kp is 


20-8199 —1-6889 0 0 
-1-6889 48-9404 0 0 
0 —5-1854 -8 -0413 0 
0 0 : 37-2753 -12-6794 
0 0 —12-6794 23-1110 
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This matrix is dominated by its leading diagonal 
and so the frame is stable. The critical load lies 
between W = 7-0 and W = 8-0 


For W =7:é 

Member °7°5 n ° nk ok 
AD *3323 -0-4437 1-8646 -0-4215 1-7714 
DG —2-4763 3-4324 -4-1849 5-8008 
GK . . —2-5141 3-4641 -6-5367 9-0067 
KN 3: . —4-0072 4-7611 —12-5025 14-8546 
NQ 3- . ~7 -6217 8-1166 -26-3711 28-0834 


From this Kp is 


20-6985 —1-7714 0 0 0 
~—1-7714 48-0736 -5-8008 0 0 
0 —5-8008 41-9584 -9-0067 0 
0 0 -9-0067 33-6408 -14-8546 
0 0 0 -14-8546 13-8064 


We now need to determine the allied matrix Q7.5 


0 0 
—0.-4383 0 0 
~--=}°* * -0-2677 0 
—0 +2147 -l -1-0759 
0 —0-4416 -1 
for which 
A. = — 1-731 
and x, = [0-0036 0-0719 0-3780 1 0-6041 } 


Note that x; has been divided by its fourth element. 
This was done to speed convergence when it was seen 
that making the first element unity would produce 
very large numbers for the other elements. 

The critical load lies between W = 7-5and W = 8-0. 
For W =7-7 


Member k N7°7 n 0 nk ok 
AD 0-95 0-3411 -0-4961 1-9007 -0-4713 1 -8057 
DG 1-69 0-5875 -—2-6719 3-5970 -4-5155 6-0789 
GK 2-60 0-5906 —2-7129 3-6317 -7-0535 9-4424 
KN 3-12 0-6876 —4-3814 5-0975 —13-6700 15-9042 
NQ 3-46 0-8100 -8-7019 9-1498 -—30-1086 31-6583 


From this Ky is 


20-6487 -—1-8057 0 0 0 
-1-8057 47-6932 -6-0789 0 0 
0 —6-0789 41-1110 -9-4424 0 
0 0 -9-4424 31-9565 —15-9042 
0 0 0 -15-9042 8-9014 


and again Q7.7 is 
-l —0-0379 0 
-0-0874 -l 
0 
0 0 
0 0 


for which 
A1 = — 1-979 
and 
x; = {0-0018 0-0466 0-3079 1 0-5083] 

Hence the critical load is W_. = 7-7 to the accuracy 
justified by the values of Jxx etc., on which the 
calculation is based. Bowles and Merchant give 
W. = 7-3 as the critical load, but their value seems 
to have been obtained by extrapolation and not by 
direct calculation. 


Appendix 
The latent roots of a matrix A are the constants A 
for which the set of equations, 
A-X=ia:X 
has a solution other than X = 0. It is not proposed 
to deal with matrix algebra here, but the following 
method of calculating the numerically largest value of 
a has been found to be efficient. 
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Matrix A is written out on a sheet of paper with its 
column totals, thus 


5 Totals 


1 
2 
3 
1 
7 


On a separate sheet of paper a trial “ modal column” 
is set out spaced the same as A. 
1 1 1 | 


This ‘column ’ is presented to each row of A in turn 
when numbers in the same column are multiplied 
together and the products added. If one row of 4 is 
a b c d 
and the trial column is 
w x y 
then we form 
S = aw + bx + cy + dz 


The result of combining the first row of A and the 
trial column is written on the second sheet of paper 
underneath the first element of the trial column, 
with the number 1 underneath again on the third 
line, thus 

1 1 1 1 

Ss 6 

1 


The trial column is thep combined with the second 
row of A and the result divided by the result of the 
first operation, to give a number that is entered on 
the third row in the second column to give 

1 1 1 1 
S$ &£ 
1 1-5 

This process is repeated using other rows of A in 
turn. The ‘column total ” row used in the same way 
gives the total of line 3 as a check and we have 

1 l 1 | 


_. s 
1 1-5 1-5 0-8 4-8 


Line 3 is now used as a new trial column and the 
process is repeated, the first trial column and S being 
folded out of sight. Successive iterations will be found 
to settle down. If they do not it means that A; isa 
complex number, which does not happen in these 
stability calculations. The full calculation appears thus, 


1 1 
6 
1 1-5 
8-5 
1 1-39 
7-83 
1 1-38 
7-76 
1 1-37 1-30 
7-71 
1 1-37 1-30 


j: Hence to a first approximation 
A1 = 7°71 
and 
m={1 1:37 1:30 0-51} 

If greater accuracy is required it is advisable to 
restrict the calculation to three significant ‘igures 
until it settles down before expanding to the accuracy 
required. This minimises the trouble caused by 4 
unlucky choice of trial column. 
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Discussion 


The Council would be glad to consider the publication of 
correspondence in connexion with the above paper Com- 
munications on this subject intended for publication should be 
forwarded to reach the Institution by October 31st, 1961. 





Book 


British Standard Code of Practice—CP3, Chapter III 
(1960), Sound Insulation and Noise Reduction, (British 
Standards Institution) 8} in. 5? in., 113 pp. 20s. 

The revised Code emphasises that the best defence 
against noise lies in intelligent planning precautions 
taken before building development begins. If such 


precautions are not taken, the solution to sound 
insulation or noise reduction problems may be attain- 
able only at very great cost, if at all. 


Planning against Noise 

The first section of the new code sets out general 
principles for planning against noise which, it says, 
should be an integral part of Town and Country 
Planning proposals. The code refers to two aspects of 
defence by planning. First, by keeping noise at a 
distance ; for example, the separation of housing from 
traffic noise by interposing buffer zones, protection of 
schools and hospitals by green beits, public gardens, 
etc. Second, by interposing a less vulnerable building 
to screen one that is more vulnerable : for example, 
planning a factory so that offices and canteen blocks 
are interposed between the workshops and adjoining 
houses. 

The code then goes on to detailed consideration of 
sound insulation and noise reduction in residential 
dwellings, schools, hospitals, offices, industrial buildings 
and miscellaneous locations such as hotels, libraries and 
concert halls. 

Ineach type of building the code examines the problem 
under the headings (a) outdoor noise, and (b) indoor 
noise and then makes recommendations for site planning 
and for detail planning of the building. In existing 
buildings where the opportunity for proper site planning 
has been lost, a significant degree of noise-reduction 
could often be achieved by following the recommenda- 
tions for detail planning given in this code. 


Scientific Data 

Hali the new code consists of a series of valuable 
appendices. They include scientific data on the 
properties, behaviour, measurement, transmission, 
insulation and absorption of sound. Constructional 
Measures for noise control are dealt with in great 
detail as regards walls, partitions, floors, doors and 
windows, ventilation systems, mountings for machines, 
open-air screen walls, and special sound-absorbent 
treatments using, for example, porous materials or 
Tesonat panels. 

Among the numerous tables included in the code are 
those giving insulation values for walls and floors of 
vatlou;: materials. 


Reviews 


The problem of aircraft noise is dealt with in a 
separate appendix as is also the legal aspect of noise 
nuisance. 


Stahlbeton Tabellen zur Berechnung der Konstruk- 
tionselemente rechteckigen und T-formigen Quersch- 
nittes, by K. Hofacker (Zurich : Verlag Leemann, 1959) 
94 in. x Gin., 64 pp. S.Fr.15. 

These are tables of numerical coefficients which 
engineers will find useful when designing reinforced 
concrete sections subjected to bending or to combined 
bending and compression. The tables give areas and 
stresses for rectangular and T-section reinforcement. 


Prestressed Concrete, Vol. 1, by Y. Guyon, Fourth 
Impression, with Revisions. English translation 
edited by W. M. Johns. (London: Contractors 
Record, 1960). 92in. x 6}in., 560 plus xxiii pp., 75s. 

This book, which is divided into three parts, is 
restricted to statically determinate straight beams, 
the aim being to bring out the general principles 
involved in prestressing by a fairly detailed study of 
some particular applications, and to describe some 
methods which can be suitably modified for other 
applications. 

The first part deals with prestressing methods and 
plant, materials used, friction between cable and duct, 
fire resistance and anchorage. The elastic design of 
simply supported beams is the subject of the second 
part which includes formulae useful in practical 
applications. In the third part the author describes 
three large-scale tests on post-tensioned beams and a 
number of tests on smaller pre-tensioned beams with 
bonded wires and cracking tests on rectangular beams. 
This section ends with a summary of results and a 
discussion of factors of safety and elasto-plastic design. 
Appendices give particulars of anchorage zone stresses 
in rectangular beams, direction of shear cracks in a 
prestressed beam and distribution of shear stresses in 
beams of variable depth. 

In this fourth impression there is a supplement of 
revisions, including details of stresses in the anchorage 
devices and the mechanism of anchorage, grouting and 
stress corrosion. Information is given on specifications 
for prestressing steels and there is a general survey of 
prestressing systems. 
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High Strength Bolts 


The behaviour of structural connexions using high strength bolts 
stressed beyond their proof stress 


by Professor Royston Jones, M.Sc.Tech., Ph.D., M.I.Struct.E., M.1.C.E., M.I.Mun.E. anc 
Alan Robert Baker, B.Sc., Stud.I.C.E. 


Introduction 


Connexions employing high strength bolts have 
been shown to have many advantages over riveted 
connexions but there are a number of aspects relating 
to the use of these bolts that remain imperfectly 
understood. One of these is the establishment of a 
satisfactory method of tightening. The requirements 
are (i) an accurately induced pre-load in the bolt, 
(ii) simplicity, both in tightening and in checking, 
and (iii) an adequate factor of safety against bolt 
failure resulting from over-tightening. 

Consideration of these points led to further investi- 
gations of the metHod of tightening suggested by the 
American Railway Engineering Association. This 
recommends the tightening of the bolt by rotation 
of the nut through one turn from the “ finger tight ” 
condition. The simplicity of this method is attractive. 
Furthermore, the factor of safety against over-tighten- 
ing is considerably higher than in the torque method 
since two to three full turns of the nut are required to 
cause failure of the bolts of sizes which are in normal 
usage. Although the precise pre-load in the bolt 
cannot be predicted it has been shown! that for the 
sizes tested the pre-load always attained values above 
the 0-2 per cent proof load. 

The series of tests described here were devised to 
investigate the following factors : 


(a) The effect on the structural efficiency of the 
joint if the bolts are subjected to initial pre- 
loads greater than the 0-2 per cent proof load. 


(b) The effect of a high initial bolt pre-load on the 
ultimate strength of double lap butt joints. 


(c) The effect on the bolt pre-load of external 
joint loads likely to induce direct tension in 
the bolt particularly if the bolt pre-load is 
greater than the 0-2 per cent proof load. 


Bolt tightening Technique 


Each bolt was fully tightened by rotating the nut 
through a full turn from “ finger tightness” before 
any subsequent bolt was tightened. The pre-load 
was measured by means of three electrical resistance 
strain gauges fitted to the bolt shank. Owing to 
the ratio of the shank area to the effective area of 
the bolt in the threaded length, the bolt load could be 
measured accurately up to 0-9 of the ultimate strength 
of the bolt. Accuracy of load measurements during 
tightening was + 1 per cent since each bolt had been 
individually calibrated. Over a period of two days 
it was found that under carefully controlled laboratory 
conditions an accuracy of + 3 per cent could be 
expected. 
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Tests 


In all the tests the plate surfaces were left in theif 
‘as received” condition. The following groups of 
tests were made : 

Series A. Four double lap tensile joints emp!oying 
the four grades of high strength bolts specified m 
B.S. 1083—details are given in Table 1 and Fg. 1. 
The pre-load was induced by rotation of the nut 
The pre-load thus induced and the relaxation ©. prt 
load which took place during a period of two days 
that was allowed to elapse before testing are » how! 
in Fig. 2 and Table II. The relative slip that ocurred 
between main and cover plates during the tes! W% 
obtained by use of four dial gauges attached ‘o the 


edges of the plates. 
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TABLE I 
Design data (series A) 





Working slip 
load for 
joint 
(tons) 


Number of | 
bolts in 
each main 


Total design 
slip load 
for joint 

(tons) 


Bolt 
quality 
BS.1083 


Guaranteed | 
minimum 

0-2% proof 
load (tons) 
observed 


Design 
pre-load 
tons 


Joint 

















Working load of main plate (reduced section) = 25-3 (tons). 
Design assumptions. 

Bolt design pre-load = Elastic proof load. 

Coefficient of friction = 0-45 

Factor of safety against slip = 1-25 
i.e. design slip load for joint I = 0-45 x 12-5 x 

= 33-8 tons 
33-8 


1-25 


(3 bolt grip x 2 surfaces i.e. 
6 friction surfaces) 


working slip load for joint I = = 27 tons 


An initial load cycle up to working load (Table I) Series B. The second series of tensile joints were 


(0-8 of the design slip-load) was applied then the 
load was progressively increased up to failing load. 
In each case there was a tensile failure of the main 


identical to Series A except that the bolts were only 
tightened to “ finger tightness.” 
The mode of failure for joints I and II was a bending 


failure of the bolts whereas with the joints III and IV 
there was a failure of the main phates similar to the 
mode of failure exhibited by the joints of Series A. 


plate at the reduced section (at the position of the 
end hole). The results are summarised in Tables 


III and IV. 
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Series C. Two forms of beam and column con- 

nexions were used (Fig. 3) for the following tests : 

IC ‘“T” form, with bolt pre-load less than the 
elastic limit (i.e. within the range of the 
straight line stress-strain relationship). 


IIC “L” form, with the bolt pre-load approxi- 
mately equal to the elastic limit. 
IIIC “L” form, with the bolt pre-load greater 


than the 0-2 per cent proof load. 

The tests were performed immediately after the bolts 
had been tightened. In each test cyclic bending 
moments were applied to the connexion. The results 
are shown in Fig. 4a and Fig. 5. The detted lines on 
the graphs 4a, 4b and 5 show the limits of the variations 
of bolt pre-loads deduced from the strains measured 
by electrical resistance gauges. The lower dotted 
lines represent the residual pre-load after each cycle 
of loading. In order to simplify the diagram the 
detailed variations of only one or two loading cycles 
are shown in full line. The results of test IIC agree 
closely with those obtained from test ITIC and have 
been omitted. After several loading cycles the range 
of variations of the bolt pre-load tended to become 
constant. The percentage of the applied load trans- 
mitted to the bolt when this condition has been reacked 
is shown in Fig. 4b. 


Discussion of Results 
Bolt Pre-load. It is convenient here to discuss both 
the pre-load for Series A and for Series C. It was 


found in Series A that the turn of the nut method of 
inducing pre-load gave pre-loads greater than the 
In the tests of 


0-2 per cent proof load in every case. 


TABLE Iil 
Joint behaviour (series A) 
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Joint Relative slip Observed 
at working load | Slip load 
x 10-* in. (tons) 


Measured safety deduced 
Coefficient of from 
friction measured 
values 


Factor of 





42-0 


IV 2-0 49-3 
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0-55 


0-45 
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49-3 
31-6 ~ 1°56 


= 1-55 


= 1-72 


= 1-56 








Measured coefficient friction = 


Measured factor of safety = 





working slip load 


slip load 
residual pre-load 
slip load 
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TABLE IV 
(Series A and Series B) 
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| SERIES A 


SERIES B 





Observed 





Calculated 





Observed 





Calculated 


























II 
Il 














62-3 (bolts) 
75-3 (bolts) 
78-0 
76-2 





79-2 
78-5 
78-3 
77-5 








Series A a loss of pre-load of the order of 7-8 per cent 
to 13-5 per cent occurred during the time (i.e. two 
days) that was allowed to elapse between tightening 
and testing. The German findings? suggest that only 
a small part of this loss of pre-load can be attributed 
to the occurrence of creep in the bolts. In Series C, 
in which the tests on column-beam connexions were 
performed immediately after tightening the bolts, a 
similar loss of pre-load occurred when loading caused 
the pressure between the plates to be repeatedly 
varied. The greater part of this loss of pre-load took 
place in the early stages of the tests. The time taken 
for the first few cycles of load was short so that the 
proportion of the loss that can be attributed to creep 
in the bolts is negligible. 

As the load induced in the bolts during the early 
part of the tests (Series C) did not approach or equal 
the initial pre-load the bolts cannot have suffered any 
additional permanent elongation, so that the loss in 
pre-load can only be attributed to “‘ bedding down ” 
of the faying surfaces. This type of loss will occur 
both when the bolt pre-load is above or below the 
elastic limit. Owing to this relaxation of pre-load 
the final state of the bolt will be that indicated by 
point 3 on Fig. 6. (Load/elongation curves for bolts 
used in Series C). The residual pre-load is approxi- 
mately 90 per cent of the raised elastic limit but was 
found to be equal to or above the original elastic 
limit that was used as a basis for design. This suggests 
that there will be no difference between the behaviour 
of joints employing high-strength bolts tightened to 
loads above the elastic limit and those with bolts 
tightened to loads below the elastic limit. Thus, as 
far as double lap tensile joints are concerned it should 
be satisfactory to design on the basis of the bolt load 
developed when the bolt is tightened to its original 
elastic limit. However, the deviation from the 
elastic behaviour with increasing load is more rapid 
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in a strain-hardened material. 
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It is therefore more 


important to limit external loads likely to increase 
the bolt pre-load in a joint if the bolt is initially 
tightened to a load above its elastic limit than if the 
bolt is initially tightened to a load below its elastic 


limit. 





TABLE V 
Working slip resistance per bolt (tons) 











Bolt | Bolt Size (diameter ins.) (thread form B.S.W.) 
quality 

i é 1 1} if 
Xx 2-9 4°5 6-6 9-2 11-9 14-9 19-2 
Vv 2-5 4-0 5°8 8-1 10-5 13-1 16-6 
T 2-0 3-1 4-6 6-4 8-3 10-4 13-4 
R 1-6 2-6 3-8 5-3 6-9 8-6 11-1 





Working shear load 


(power driven) 
field B.S.449 














equivalent size rivet 1-5 2-2 3-1 














8-1 











The assumptions made in calculating the working slip resistance of the bolts are given in Table I. 
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FIGURE 7 


Behaviour of Tensile Joints (Series A) 


For preliminary design purposes the value assumed 
for the coefficierit of friction was 0-45 and the factor 
of safety was 1-25. This was based on the findings of 
Prynne® and others. Since the observed values for 
the coefficient of friction ranged from 0-45 to 0-56 and 
since the factor of safety against slip deduced from 
measured values proved to be from 1-55 to 1-72, 
these proved to be reasonable design assumptions. 
The relative slip between the plates at working load 
was between 0-002 to 0-003 ins. These results are 
comparable with previous findings if allowance is made 
for the slightly higher bolt pre-load and the consequent 
increase in working load. 

The yield load (yield occurred in the main plates) 
was observed to be higher in Series A than that re- 
corded for Series B. It was also in excess of the 
yield load calculated on the basis of yield stresses 
obtained from the specimens cut from the parent 
metal. Thus the effective yield load of the main 
plate was increased by some transference of load by 
the friction grip at the end bolt. As the ultimate 
load of the joint was approached, the excessive dis- 
tortion that occurred in the region of the end hole 
so reduced the contribution of the pre-load at the end 
bolt that the ultimate strength of the main plate was 
not significanily different from that observed in 
Series B (no pre-load in the bolts). 


The behaviour of the beam column connexion 


The bolts employed to connect the beam and brackets 
were tightened in the Same manner as those in Series A. 
The relative slip at this point was deduced from the 
unrecovered rotation of the joint and it compared well 
with the results of Series A. When a moment of the 
Tequisite magnitude was applied to produce the 
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working state at this junction (i.e. the working slip 
load of the bolts) 30 per cent of the total rotation of 
the joint was due to relative slip between the beam 
and the bracket. 

Although the joint strength prevented a more 
complete investigation of the “ T’”’ form of connexion, 
nevertheless the results do show a significant difference 
in the behaviour of the two forms considered. The 
results obtained for the “L” form of connexion 
(Fig. 4b) indicate that the behaviour does not conform 
to the theoretical form, shown in Fig. 7a, which has 
sometimes been assumed to apply to a beam column 
connexion. (The Fig. 7a illustrates the assumption 
that the effective points of application of external 
applied loads are at the interface of clamped plates. 
Under these conditions there is no increase in the bolt 
pre-load until the plates are about to bé separated. 
Whereas if the effective points of application of external 
loads are at the outer surface of the clamped plates 
any application of external load causes an increase 
in the bolt pre-load). The effective point of applica- 
tion of the external load appears to be at some inter- 
mediate point between the plate surfaces. Further- 
more, the form of the curve shown in Fig. 4b suggests 
that as the external load is increased the effective 
point of application of this load moves towards the 
outer surface of the plate, and the behaviour tends 
towards that shown in Fig. 7b. This aspect, together 
with the uneven distribution of pressure between the 
plates? due to the bolt pre-loads, causing difficulty 
in the evaluation of the effective plate stiffness, makes 
a theoretical solution of the problem extremely com- 
plex. The difference in behaviour of the two forms of 
connexion that was observed is believed to be connected 
with the fact that the ‘“‘ L”’ form of connexion induced 
bending stresses, of the order of 10 per cent of the 
direct stress in the bolts, whereas no bending stresses 
were observed in the bolts used with the “T” form 
of connexions. 


Conclusions 
Tightening high strength bolts by rotating the 
nut through one turn from the “ finger tightness ”’ 
state has many advantages; such as simplicity 
and an adequate factor of safety against bolt 
failure resulting from overtightening. 
The high initial pre-loads induced by such a 
method, in excess of the 0-2 per cent proof load 
for sizes covering normal usage, do not affect the 
structural efficiency of the bolts. 
A high initial pre-load is of advantage because 
of the inevitable loss of pre-load caused by the 
bedding-down of the plate surfaces. 
The limitation of additional induced tensile forces 
in the bolt caused by external loading is more 
critical with bolts initially tightened to a load 
above the elastic limit than when the bolt is 
initially tightened to a load below the elastic 
limit. On the basis of these tests it is suggested 
that for the case of the ‘‘L”’ form of connector 
an external load likely to induce additional tensile 
forces in the bolts should be limited to 50 per cent 
of the design pre-load of the bolts. 
In a double lap tensile joint the initial pre-load 
of the bolts increases the load at which the joint 
plates yield. rity 
In a double lap tensile joint the initial pre-load 
of the bolts does not significantly affect the ulti- 
mate strength of the joint plates. 
The permissible working slip load per bolt based 
upon the design assumptions made for these tests, 
which proved to be satisfactory, are given in Table V. 
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Steel Designers’ Manual, 2nd Edition, by C. S. Gray, 
L. E. Kent, W. A. Mitchell and G. Bernard Godfrey. 
(London: Crosby Lockwood, 1960). 9}in. x 6in., 
947 plus vii pp., 50s. 

This important and comprehensive reference book, 
which presents in one volume data, formulae, tables, 
diagrams and explanatory text for the design of steel 
framed buildings, has been revised to bring it into 
line with the British Standard Specification 449 (1959) 
“ The Use of Structural Steel in Building.” This has 
necessitated major revision of examples, particularly 
in Chapters 25 to 30, 34, 36 and 38, some of which 
have been almost completely rewritten. 

The opportunity has also been taken to amend 
other chapters affected by the revision of old, or the 
introduction of new, British Standards. Since the 
first edition was published in 1955 the lists of British 
Standard sections in B.S.4 and B.S.4A have been 
reduced, but the whole range of rolled sections has 
been considerably extended by the introduction of 
B.S.4B, which comprises broad flange beams, 
universal beams and column sections, together with the 
corresponding T-bars which form Supplement No.1 
to B.S.4A. The relevant properties of all these 
sections, including the plastic moduli of beams and 
channels, have been incorporated in Chapter 49. 
These changes have also extended the range of 
Castella sections, tables for which appear in Chapter 24. 

In addition, a new Standard for cold rolled sections, 
B.S. 2994, has been issued, extracts from which appear 
in Chapter 47. As the ranges of steel piles have also 
been extended, appropriate new tables are given 
in Chapter 42. 


Elementare Schalenstatik, 3rd Edition, by Alf 
Pfliiger. (Berlin/Géttingen/Heidelberg : Springer- 
Verlag, 1960). 9}in. x 6in., 112 plus viii pp., D.M: 
19.50. 

The second edition of this book was reviewed in THE 
STRUCTURAL ENGINEER, Vo. XXXVII, 1959, page 60. 
The aim of the book is to assist the student and prac- 
tising engineer in problems concerning simple shell 
structures, and to act as a guide to the literature on the 
subject. The new edition is largely as the second 
edition with a few modifications in details. Summaries 
of the resultant axial and shear forces for different 
types of shell and different loadings are given at the 
end of the book and there are comprehensive tables 
containing a number of rare types of shell constructions. 


Reviews 


Differential Equations for Engineers, 2nd Edition, 
by Philip Franklin. (New York: Dover Publications, 
1960; London: Constable). S8in. x 5}in., 299 
plus vii pp., $ 1.65. 

This new edition is an unabridged and unaltered 
re-publication of the first edition which was published 
in 1933 under the title ‘‘ Differential Equations for 
Electrical Engineers.” The text is based on a course 
of lectures, given at the Massachusetts Institute of 
Technology and covers a fairly wide field. 

The first three chapters are concerned with complex 
numbers, average values and Fourier series and linear 
differential equations with constant coefficients. This 
is followed by three chapters giving a working knowledge 
of partial derivatives and partial differential equations, 
including their mathematical origin, geometric and 
physical meaning, and solution for assigned boundary 
values. The last two chapters are of a more theoretical 
nature, containing demonstrations justifying earlier 
calculations with power series and Fourier series. A 
short bibliography, arranged by chapters, is included 
in the volume. 


Deformation, Strain and Flow. An Elementary 
Introduction to Rheology, 2nd Edition, by M. Reiner. 
(London : Lewis, 1960). 9 in. x 6 in., 347 plus xvi pp., 
63s. 


This book, which deals with the various problems 
associated with the flow of different classes of 
materials, has been thoroughly revised and enlarged 
in the second edition. In the first part of the book 
the subject is introduced by chapters on deformation, 
strain and flow, viscosity, elasticity, bending and 
torsion, plasticity and strength. The middle section 
deals with more complicated types of behaviour of 
materials in which the fundamental properties of 
elasticity, viscosity and plasticity are combined, so that 
a material may both respond elastically and flow 
viscously or even show elastic recoverable straif, 
plastic flow and viscous flow at the same time oF 
separately under certain conditions, assuming the 
rheological equations to be linear relations betwee 
stress and deformations and their rates. Chapters 
on creep and a dynamical theory of strength are included 
in this section. Non-linear relations are considered 
in the last part of the book. 

The volume concludes with chapters on rheometry 
and notation and a bibliography. 
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Composite Action of Beams and Slabs 
under Transverse Loading 


(II) The Rectangular Slab with two Edge Beams 


by D. N. de G. Allen, M.A. f and R. T. Severn, B.Sc., Ph.D. t 


Summary 


A rectangular slab of constant thickness is considered 
which is simply supported along two edges and which 
has identical beams, integral with the slab, along the 
other two edges. Under conditions of transverse 
loading applied to both the slab and the beams, series 
solutions are obtained for (i) the transverse deflexion 
and (ii) the stress-function which describes forces in 
the plane of the slab. Appropriate conditions of 
symmetry, of simple-support on two edges and of 
equilibrium and strain-compatibility at the slab- 
beam junctions are utilised to determine the constants 
in these series solutions. Torsional stiffness of the 
beams is taken into account. 

Although the series solutions are valid for any 
symmetrical transverse loading applied to the slab 
and beams, three particular cases of loading are 
specially considered: (a) equal point-loads applied 
to the centre-span of each beam, (b) equal uniformly- 
distributed loads applied along the span of each 
beam, (c) uniformly-distributed load on the slab. 
Computations are carried out for these three cases of 
loading for a number of relative dimensions of beams 
and slab. Corroboration of the theoretical results is 
obtained by deflexion measurement and photoelastic 
stress-analysis on specimens made from Araldite 
casting resin B. 

The computations which are necessary in order to 
find the constants in the series solutions are laborious 
if carried out by hand computation and a digital 
computer programme has been written? for the 
Ferranti Pegasus computer which carries out the 
complete computation in a few minutes. The con- 
sequences of variations in the parameters which 
define the geometry of the structure and those which 
define the loading can, with the aid of this programme, 
be followed through in a very short time. 


Fig. 1. 
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Subsequent papers will deal with different geo- 
metrical arrangements of slab and beams, with 
composite slab-beam structures in which the beams 
are not of constant depth in the spanwise direction 
and with stiffened foundation-mats. 

1. Fig. 1 shows a slab simply supported on 

y = + L/2and with identical edge-beams on x = + a/2. 
We first consider the stresses in the plane of the slab ; 
the three components of plane-stress may be written 
in terms of a stress-function, /, as 


02 f o2f o2f 


ae oe 4g = ee es | 
where the stress-function must satisfy the biharmonic 
equation 

vif=0, - ; , , - (2) 
and also boundary conditions appropriate to the 
problem. It can be verified that 

f= Xr cosey[Aycoshex + Byxsinhex +. Cysinhex 

+ Dyxcoshex] + (3) 
is a solution of (2), where « = rx/L and L is the span 
of the beams (Fig. 1). The four constants in (3) can be 
chosen in order to satisfy conditions of symmetry and 
conditions at the boundaries. If we restrict our analysis 
to problems in which both the structure and the 
loading are symmetrical about both y = 0 and x = 0, 
we conclude that 7 can take only odd integral values 
and that C; and D,; must both be zero. Thus 

f = Xycosey[Arcoshex + Byxsinhex], (ry odd) - (4) 
and we note that this expression satisfies the boundary 
condition 7 = 0 on y = L/2 for allx. On y = L/2 we 
ought also to satisfy #y = 0, for all x; that this 
condition is satisfied only at x = 0 can be shown from 
(4). For the present we shall assume that the non- 
satisfaction of this boundary condition results in no 
significant error. Calculations made, using (4) as the 
series form for the stress-function, do, in fact, agree 
closely with experimentally obtained values for 
transverse deflexions and stresses. In an Appendix 
a more involved series form is taken for the stress- 
function which does allow satisfaction of #) = 0 on 
y =L/2 for all x. It is shown that use of this more 
involved form makes some difference to calculated 
deflexions and stresses but that (4), whilst admittedly 
being mathematically incomplete, is not inadequate 
for practical purposes. 

Turning to the slab-bending, we find! that, if we 
neglect the interaction of bending stresses with those 
in the plane of the slab, the transverse deflexion of 
the slab, w, is governed by the equation 

Dyv‘w =¢ ° ° ° ° (5) 
where D is the (uniform) flexural rigidity of the slab 
and g is the intensity of transverse loading. On the 
assumption that the transverse load on the slab is 
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Fig. 2. 


uniformly distributed a suitable series solution of (5) is 
w = Ly cosey(gr + Prcoshex + Qrx sinhex + Rysinhex 
+ S;xcoshex] - — (6) 
where the gr terms represent the particular integral 
part of the solution of (5). When both the structure 
and the beam loading are symmetrical about y = 0 and 
x = 0, (6) reduces to 
w = Ly cosey [(— 1)#*#-») Hy + Py coshex 
+ Qrxsinhex],(r odd), - a 


where Hy = 4gL4/(rx)5D. 
2. Fig. 2 shows an element of the beam, of length 
Sy, separated from the slab. The forces and moments 
acting on the slab’ element at its junction with the 
beam are indicated. Forces and moments equal and 
opposite to these act on the beam element at the 
junction (but they are not shown in Fig. 2 for the 
sake of clarity) as well as the forces and moments 
(which are shown) derived from the action of the 
beam element with its adjoining parts. The conditions 
of equilibrium of the beam element can now be written 
down : 
Transverse direction : 

pdy+dF—Sxydy=0 - . : - (8) 


where (y) is the load-intensity applied directly 
to the beam, 
y-direction : 
aN —hxzydy=0, - : . - (9) 


x-direction : 
aS — hexdy = 0, 


Moments about major-axis : 
aM + Fdy — ehxydy = 0, 


where e = (4 — h)/2, 
Moments about minor-axis : 
aM + Sdy — 4bhxydy = 0, 


Torsional moments : 
aT — ehxxdy + 40Sxdy — Mxdy = 0. 


We also have 
02w . 02% 
M = EIS, _m= Ei ay? , 


ow 

and T=K Ox Oy ” (14) 
where uw is the displacement component in the x- 
direction, J and ¢ are the second moments of area of 
the beam cross-section about the major and minor 
axes respectively and K is the torsional rigidity of the 
beam; that is, J = 6d3/12 and ¢ = db3/12, whilst 
K = $db8G, G being the shear modulus and Ba 
numerical coefficient depending on the shape of the 
cross-section of the beam”. From (8), (10), (11), (12) and 
(13) we obtain 
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04w 
ET oA 
ow 
x ox dy? 
and 


a 
+Sx—p—he FH) =0, = (8 


— heXx + 40Sx—M,x=0, - * (16) 


04 — hb oy a 
Considering the equality of strain in the slab and in 
the beam at their junction we obtain 

N aw = 

= at + Vy — o€%. ' - (18) 
The four equations (15) to (18) are the boundary 
conditions for the slab at the slab-beam junction 
which must be satisfied, for all values of y, by the 
series representations (4) and (7) in order to find the 
constants, A, B, P, and Q which they contain. The 
displacement component, u, can be written in terms 


; 0 
of the stress function, f, because E os = ¥X — oyy and 
x 7 


u = 0 at x=0. The direct force, N, in the beam can 
also be written in terms of f by using (9) and the fact 
that N =0 at y=L/2. When # is expanded in a 
Fourier series, as Xprcosey, and (4) and (7) are 
substituted into (15) to (18) we obtain, where T is 
tanhteca and C = cosh}ea, 

P,[Ele? + (l—o)eDT] + Q,[4EJe2 aT —(1 + o)DT 
+ $(1 — o)Dae] — AylheeT] — BrlheT + fheea] 
bs Bad Ele?H; pr 
ia Cc e2C ? 

P,[— eKT + 4(1 — o)ebDT — (1 — o)D] 

2D 


+ Qr[— KT — 4Kae— }(1 + c)aebD + 


— }(1 —o)aDT] + Ar{he] + By[4heaT) 
BR oDH,; 


C 
Ay[(1 + o)ie3T + A+ fhbeT] = B,[(1 — o)ic2T 
Paes 4(1 + o)iae® — thaT — 4ohT — jhabe], 
an 


AT hT 
Ay [Setite|+ af ats + 


+H(1 + ojaT | + P,[Ee] + Qr[}E eat] = c 


(19) 


which have to be selved simultaneously for P;, Qr, 
A, and B,, for ry = 1,3,5... Although it is not usually 
necessary to calculate these coefficients for more 
that a few values of 7, the computation is time 
consuming and prone to error on account of its 
magnitude. A digital computer programme has 
therefore been written, working details for which are 
given elsewhere’, which calculates as many coefficients 
as are required in a matter of minutes. A significant 
advantage of a computer programme is that, having 
been proved against hand-computation and/or exper- 
ment, it is extremely unlikely that any subsequent 
solutions which it gives will be in error. The computer 
programme described here has been so checked for 
point loading and for uniformly distributed loading, 
both by experiment, and by hand-calculation of 
equations (19), the results being given in Table | 
where linear dimensions are in inches, E and G are 1 
tons/in?, wa is the experimental value of the transverse 
deflexion at the centre-span point of the edge-beams, 
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Specimen 1 
q=0=), W = 17-723 x 10° 
q = 0-446 x 10-*, p = 0-08 x 10°, W=0 


Specimen 2 
q=0=), W = 17-723 x 10° 
q = 0-466 x 10-*,b = 0-08 x 10°, W =O 


cimen 3 
= ~, W = 17-723 x 10-3 
*446 x 10°, p = 0-08 x 10°, W =O 














Table 1. Comparison of mid-span beam deflexions obtained by experiment, hand computation and 
automatic computation. The applied loads, W, », ¢ are respectively in units of tons, tons/in. 


and tons/in*. 


wg is the corresponding value calculated by hand- 
machine and wy is the corresponding value calculated 
by the digital computer programme. The calculation 
of these quantities, whether by hand computation or 
automatic computation, involves differences between 
large quantities, and rounding-off errors in the hand- 
computation account for the discrepancies between 
wg and wy. 

3. The series solution (19) rests on the assumptions 

(i) that the interaction between the bending and 
planar stresses in the slab is not so strong as 
to introduce serious error because they are 
considered to be independent, 

(ii) that the shear-stress which it incurs on the 
simply-supported edges y= +JL/2 has no 
significant effect. 

To test these assumptions a slab with two edge beams 
was cast in Araldite casting resin B (using 100 parts 
of resin to 30 parts of hardener) and machined to the 
following dimensions : 
L =5-188in., h =0-175in., 6 = 0-178 in., 
@ =0-752in., a = 5-457 in. 

The elastic and photoelastic constants were obtained 
from a specimen subsequently cut from the composite 
structure and found to be 

E = 4-387 x 105 Ib/in?, « = 0-35, 

and C = 38-074 x 10-8 in? per lb., C being the 
stress-optical coefficient of the Araldite. The Araldite 
model was simply-supported along the two edges of 
the slab without beams and also under the beam-ends 
themselves and was loaded in the field of a circular 
polariscope with light background using mono- 
chromatic light of wavelength 5890 A°®, the polarised 
light passing normally through both beams. The 
transverse load consisted of equal point loads applied 
through a proving ring to the centre points of the 
beams; there was no load applied directly to the 
slab. A deflexion gauge was placed one inch from the 
point load on each of the beams. With a load sufficiently 
large to produce a reasonable deflexion the photoelastic 
fringe pattern produced by polarised light passing 
through the two edge beams contained too many 
fringes for accurate identification and this difficulty 
was resolved by viewing the bottom of the nearer 


beam at a slightly oblique incidence. The fringe 
formation on the bottom edge of this beam can then 
be observed without the additional (and equal) 
retardation of the second beam. A deflexion of 
0-0178in. was observed when the sixth fringe 
(corresponding to a retardation of 54 wavelengths) 
just appeared at the centre of the bottom of the beam. 
Fig. 3 shows the type of fringe pattern obtained. 
When the appropriate numerical values are substi- 
tuted in (19) for the determination of P;, Qr, Ar and 
Br, we obtain, with a point load on each beam of 
39 -7 lb, 
Py = 
and 
P3; = — 0-00860 x 10-°, G3 = 0-00139 x 10-#* 
from which, at x = a/2, y = 1 in. (the position of the 
deflexion gauge during the photoelastic observations), 
w; = 0:01610in. and ws = — 0-00008 in. It is 
evident that remaining terms in the series are of no 
consequence and we can take w=0-0160 in. to 
compare with the experimental value of 0-0178 in. 
The depth of the beams was then reduced, first to 
0-60 in. and then to 0-45 in. and the experiment and 
computations repeated. It will be seen from Table 2, 
which records the results, that the agreement between 
measured and calculated deflexions is reasonably good. 


0 -01023, QQ; = —0-00118 
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Theoretical 
Deflexion 
1 in. from 
beam-centre 


(in.) 


Experimental 
Deflexion 
1 in. from 
beam-centre 


(in.) 


Stress at 
bottom beam- 
centre from 
photoelastic 
measurements 
(Ib/in*) 


Theoretical 
stress at 
bottom 
beam-centre 


(Ib/in*) 











16-0 x 10-° 
| 27-9 x 10-° 
23-3 x 10-* 





2224 1929 
2909 2667 
1882 1665 














Table 2. Experimental and theoretical results for point loading on edge beams (h = 0-175 in.). 


The stress recorded experimentally by the photo- 
elastic method can be compared with the stress-value 
given by the theoretical work because the latter is 


2 
given, at the bottom of the beam, by [ ioe — Ee I 


both terms of which may be calculated if the numerical 
values of Py, Qy Ar and B,; are known. For the Araldite 
model described above (d = 0-752 in.), for which the 
constants Py; and Qy have already been given, the 
values of A, and B, are 


A; = 340-5004, B, = — 129-3449 


As= 11-2523, Bz; =— 0-4477 

The stress at the bottom of the centre of the beam can 
then be calculated to be 1,928lb/in? whereas the photo- 
elastic observation gives 2,224 Ib/in?. Further observa- 
tions, for d = 0-60 in. and for d = 0-45 in., together 
with calculated stress-values, are collected in Table 2. 
The discrepancy between observed and calculated 
stress-values amounts, on average, to about 10 per cent 
and it is suggested that, in addition to the theoretical 
assumptions previously made, and the inaccuracies 
inherent in all experimental work, there are two 
contributory reasons for this discrepancy. First, the 
photoelastic observation requires that the value of 
the load be recorded at the moment when a particular 
fringe is about to appear (that is, before it is definitely 
visible) along the bottom edge of the beam. In deciding 
when this moment actually occurs experience and 
estimation are involved and there is therefore a 
possibility of error. Secondly, it is assumed in the 
theoretical work that the direct force, N, is uniformly 
distributed through the beam cross-section; this is 
obviously not so and some error must be expected to 
accompany a method of analysis which has been 
designed to be practical whilst yet contriving to 
include the essential features of the behaviour of the 


structure. 


4, The foregoing analysis and experimental work deals 
‘with a composite slab-beam system, of single span, 
in which the two edges without beams are considered 
to be simply supported. In the manner of Part I of 
this series the analysis and the digital computer 
programme can again be modified to deal with a 
similar structure in which the beams are supported 
on any number of intermediate supports. 


Appendix 


It has been previously pointed out that the series 
solution (4) for the stress-function describing the 
planar stresses in the slab fails to satisfy the boundary 
condition #j = 0 on y= +L/2. Nevertheless, this 
series form has been used to compute results which 
are not significantly different from corresponding, 
experimentally obtained, values, thereby indicating 
that (4) is a practically satisfactory approximation. 

We now consider a series solution for the stress- 
function, f, which is more involved than (4) but which 
does allow us to satisfy <j = Oon y = + L/2. Consider 

f = Xy cosey[ Aycoshex + Byxsinhex] 

+ Xp Cncosax[4L sinh faL coshay 

—coshtal ysinhay], - (20) 
where ¢ = rn/L, «= mn/a, and r and m take odd 
integral values only. It will be noticed that (20), 
which differs from (4) by the addition of a second 
series, satisfies w4f=0 everywhere and makes 
yy = 00n y = + L/2 for all x. Satisfaction of xp = 0 
on y = + L/2 for all x requires that 

Xn Cnal[fal + cosh hal sinh $aL]sinax 

Lr Bre sin hrx(sinhex +- excoshex) 

+ Xy Ary &? sin brx sinhex. ° . > (21) 
To find the coefficients Cy it is therefore necessary to 
expand both simh ex and xcosh ex in Fourier series of 
odd sine terms. When this has been done we obtain 
equations of the form 

Ca = 2 Brn Ay+ =X Yrn By : £ - (22) 
for as many values of r and ™ as may be necessary. 

As far as the edge-conditions (15) to (18), are 
concerned we find that there is no change to either 
&x or to yy on x = a/2 as a result of the inclusion of 
the Cy, terms in the series form for the stress-function. 
There is, however, a change in ¥) which means that 
there is an addition (of terms involving Cy) to the 
first, third and fourth of (19). These three edge- 
conditions are now made up of mixed trigonometric 
(cos ey) and hyperbolic (cosh ay and y sinh wy) functions 
and it is necessary to express the hyperbolic funci ions 
in odd-cosine series before the edge conditions can be 
satisfied for all values of y. The Fourier coefficients 
for the series expansions required have already deen 
given in Part J of this series. 

When the C, terms are included in the series orm 
for the stress-function the hand-computation 0 
coefficients becomes extremely laborious ; the digital 
computer programme has therefore been modified 
to include these Cy terms. To obtain a measure of the 
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q = 0 =p, W = 17-723 x 10 





Cy terms absent 
C py terms present 


| 
Q1 Ay 
—1-18 | 340500-4 | —129344-< 
—1-39 | 434776-8 | —167018- 





Pes) 1 ey Bg 





Cy terms absent —0 0086 
Cp terms present —0-0010 


q = 0-466 x 10-*, p = 0-08 x 10°, 


0-0014 | —1252-3 _ “447-7 
0-0011 | —903-8 313- 


Q1 By 
| 





W=0 | 
Cy terms absent 
Cy terms present 


4-973 | 56313-9 21391: 
4-936 | 79154-9 -30408 - 





C pn terms absent 
C pn terms present 





Q3 Ag Bg 








0-0029 | 19-21; —6-. 
0-0024 105-06 








importance of these extra terms the coefficients 
P,, Or, Ar, By and Cy (y = 1, 3 and m = 1, 3) have 
been computed for the loading and geometric para- 
meters of Specimen 1, Table 1. These coefficients 
are compared in the above table with the coefficients 
obtained- when the C, terms were absent. 

It is evident that inclusion of the Cy, terms makes 
only a small difference to the values of the computed 
transverse deflexion (which is determined by the 
values of P; and Q;). But the in-plane stresses (which 
are determined by Ar, By and Cy) are somewhat 
modified by the inclusion of the Cy terms. However, 
the difference between the values obtained with, 
and without, the Cy, terms is not so large as to prevent 
reasonably accurate solutions being obtained by the 
simpler method and, therefore, by hand computation 
if an electronic computer is not available. When 


such a computer is available the more involved 
method is recommended with use of the computer 
programme mentioned in this paper, 
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Discussion 


The Council would be glad to consider the publication of 
correspondence in connexion with the above paper. Com- 
munications on this subject intended for publication should be 
forwarded to reach the Institution by October 3lst, 1961. 





Book Reviews 


Reinforced Concrete, by Oscar Faber, 2nd Edition, 
rewritten and extended by John Faber and Frank Mead. 
_— : Spon, 1961). 9in. x 5}in., 532 plus xv pp., 

5s. 

The second edition of this book has been considerably 
expanded and largely rewritten to bring it up to date 
and also to cover a far wider field than previously. 
The present edition aims at dealing more completely 
with basic theory and gives a wide range of practical 
examples of reinforced and prestressed concrete. 

New chapters have been added on slabs, retaining 
walls and concrete roads, and the chapters on elements 
of reinforced concrete design, foundations, bunkers 
and silos, shell concrete roofs, watertowers and reser- 
voirs, chimneys and prestressed concrete have been 
expanded considerably. Many new examples have 
been added and the intention of the new design curves 
i make for a considerable saving of labour in design 
onices. 


Reference is made to British Standard Specifications 
and Codes, and reference is also made to American 
methods and techniques and to A.C.I. Codes of Practice. 


Structural Mechanics, by S. T. Carpenter. (New 
York and London: Wiley, 1960). Qin. x Gin 
538 pp. 76s. 

This is a book of thirteen chapters which deals 
with the mathematical treatment of structural theory 
bearing on indeterminate structures, and the intro- 
duction of topics from advanced mechanics of material. 

The book is primarily for students, but a number of 
modern topics will be of value to the practising engineer. 

Problems are set at the end of each chapter, but 
unfortunately not all of the answers are given. 

This is an ideal book dealing with many of the 
classical methods for the analysis of statically indeter- 
minate structures. L.S.W. 











Correspondence 


The Structural Engineer 


The Institution, whilst being at all times pleased to open its columns to correspondents, cannot accep! 


To the Editor of THE STRUCTURAL ENGINEER, 


Sir, 
Fire Protection to Steelwork and the Structural Engineer 


In view of the recent interest in lightweight fire 
protection to steelwork, the writer would like to put 
forward for consideration some thoughts on designing 
steelwork especially for storage or other structures 
where risks are high. 

Briefly the physical properties of steel are affected 
by increased temperature as follows :— 


(a) The yield strength decreases. 

(b) The modulus of elasticity decreases. 

(c) The coefficient of thermal expansion increases. 
(d) The thermal conductivity decreases. 

(e) The specific heat increases. 


(f) A change is persistent after cooling in the 

physical characteristics of the metal. 

(g) Creep becomes evident. 

Fire will cause expansion of certain members, relative 
to others which tend to restrain their movement, 
leading to distortion of the heated member or its 
neighbours and particularly of their connexions. The 
stiffness of the member, the external clamping, the 
internal restraint due to mass, the stress state in the 
member before the fire, all make the prediction of 
distortion almost impossible. However, failure is 
generally by lateral-torsional-buckling. 

It is thought that the present method of selecting 
casings which give a fire resistance of say two hours 
when tested in accordance with B.S.476, will not 
necessarily give a two hour fire endurance in practice. 


This opinion is based on the fact that the oumapes eed 
working load 


ratio for any uncased member in a proposed structure 
is unlikely to be the same ratio as that of the uncased 
test beam or stanchion. This difference in load factors, 
prior to fire, is thought to be significant, despite the 
fact that the stress in steel caused by restrained 
expansion on heating is considerably greater than that 
due to normal loading. 

The following suggested procedures incorporate fire 
protection with the structural design rather than 
supplying it as an afterthought, and may be found 
valuable at least for a design check. 


Procedure A 
(a) The fire loadis calculated and a time / temperature 
graph plotted for the expected rate of burning 
of structure and contents. Alternatively the 
B.S. test graph may be used for standard 
structures and contents. 


(b) The collapse load of each member is either 
calculated or deduced from tests for the above 
fire conditions, and type of casing proposed. 


responsibility for the opinions expressed. 








(c) An ultimate load factor, collapse load under 
fire/working load, is applied to the proportioning 
of each cased member. This factor to be cre- 
fully selected by the Engineer in conjunc'ion 
with the Client, Local Authorities, Insurance 
Companies and the like, and which is based on 
the risk of failure agreed as acceptable for ‘at 
particular member. 

Until further research has been done it will probably 

be necessary to estimate (b). Agreement on (c) is also 

likely to be difficult at the present stage. 


Procedure B 

(a) as (a) above. 

(b) The stress in each member is calculated for 
normal dead, live, impact, and dynamic condi- 
tions and the member is proportioned using 
permissible stresses in B.S. 449. 

(c) To the actual stress obtained from (b) should 
be added assumptions to cover 

(i) Residual stress from rolling. 

(ii) Stress due to prevention of linear expansion, 
at relevant time after onset of fire, by 
restraints from other members, floors, walls, 
and the like. 

(iii) Stresses due to differential heating at 
relevant time after onset of fire. 

(iv) Any other expected stresses. 

(d) Casings should be provisionally selected using 

' information from published fire resistance 

tests to B.S.476. 

(e) Collapse stress (adjusted for temp. expected) _ 
Total actual and estimated stress during fire — 
a stress factor. 

(f) This factor should be appropriate to the risk of 
failure. If this factor is not appropriate on the 
first trial the members should be increased or 
more protection provided until the most econo- 
mical solution is found. 

To summarize, casings are designed for time for mean 
steel temperature to reach 550°C or other selected 
appropriate temperature and steel for stress at such 
temperature. 

It will be appreciated that the selection of a load 
or stress factor = 1 for each member means that the 
whole structure should collapse simultaneously after 
a selected period of fire and that this is the most 
economical method of meeting a given “‘ fire grading. 
It is felt that where economy in meeting Local Autiion- 
ties gradings is not the prime consideration, that 
Engineers will adjust load factors for main and 
secondary members in order that controlled slow 
collapses are more likely to occur. 





P. B. R. JOHNSON, 
(Graduate). 
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Institution Notices and Proceedings 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
Structural Engineers was held on Thursday, 25th May, 
196!, at 5.55 p.m. Lt.-Colonel G. W. Kirkland, 
M.B.E.(Mil.), M.I.Struct.E., M.I.C.E. (President) in 
the Chair. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that 
the elections, as tabulated below, should be referred 
to when consulting the Year Book for evidence of 
membership. 

STUDENTS 


BERRIMAN, David Edmund, of Sheffield. 

CHEAH FoonG CHIN, of London. 

KNICKELBEIN, Royden Michael, of East London, 
South Africa. 

MELLOR, Norman, of Denton, Lancs. 

PERINPANAYAGAM, Vaithialingam, of Jafina, Ceylon. 

PotLock, Frederick, of Auckland, New Zealand. 

SHIPLEY, Leonard Farrant, of Liverpool. 

SmitH, Austin James, of Hayes, Middlesex. 

Yer SHIN Lok, of Kuala Lumpur, Selangor, Malaya. 


GRADUATES 

BosMAN, -Peter Barry, B.Sc., of Wembley Park, 
Middlesex. 

Burr, Wilfred Alec, of Scunthorpe, Lincolnshire. 

CHADWICK, Terry, B.Sc., of Cheadle Hulme, Cheshire. 

CHAN, George Siu Cheung, of London. 

CHATTOPADHYAY, Jayantakumar, B.E., of London. 

CoLLoFF, John, of Newport, Monmouthshire. 

DEvEDASON, Ebenezer, B.E., of Mylapore, Madras, 
India. 

Eaton, Brian, of Bowdon, Cheshire. 

FARNWORTH, Frank, of Bolton, Lancashire. 

Fone YENG SoH, B.E., of Singapore. 

FREEMAN, Anthony John, of Hornchurch, Essex. 

GirI, Gourdas, B.E., of Leeds. 

GLEN, Alasdair Johnston, of Cambuslang, Lanarkshire. 

Harpy, Robert, B.Sc., of Lochwinnoch, Renfrewshire. 

HarPer, Alfred George, of Hullbridge, Essex. 

HASWELL, John Frederick Stephen, of Newcastle upon 
Tyne. 

Jaco, Joseph Laurence, B.E., of London. 

Jones, William Alfred, of London. 

Lester, Keith Norman, of Orpington, Kent. 

McInTosu, Robert James Douglas, B.Sc., of London. 

MajuaiL, Harbhajan Singh, B.E., of Tanga Province, 
Tanganyika. 

Mirza, Rashid Mustafa, B.E., of London. 

MITCHELL, Kenneth William, B.Sc., of Weybridge, 
Surrey. 

Monro, James Ernest, of Hemel Hempstead, Herts. 

NanavaTy, Bipinchandra Bhalchandra, B.E., of 
Baroda 1, India. 

OcuNLEsI, Oluremilekun Olusoga, B.Eng., of London. 

Pariku, Karit Kantilal, B.E., of Allestree, Derby. 

PaTERSON, Geoffrey Vernon, B.Sc., of London. 

SARKAR, Susanta, of Manchester. 

SHomE, Taposh Kumar, of London. 

SomuyiIwa, Sindiku Oladiran, of London. 

SouRIRAJ, Doraiyah, B.E., of Madras, India. 

SWINNERTON, David, ‘of Hoole, Chester. 

TEo YEE-CuIN, of London. 

VENKATACHARYULU, Tamirisa, B.Sc., of Warangal 
(A.P.), India. 

VisvALINGaM, Alagu Caruppiah, B.A., of London. 


VitTaL, B. P. Raghunatha, B.Sc., B.E., of Assam, 
India. 
Warrior, Terence Edward, of Uxbridge, Middlesex. 
Wu Cuunc Fart, of London. 
ASSOCIATE-MEMBERS 
FRASER, Frank Kojo, of London. 
HvuGHES, Michael Richard, of Petts Wood, Kent. 
JAy, Bernard Ensor, of Ickenham, Uxbridge. 
NEAL, Professor Bernard George, M.A., Ph.D., M.I.C.E., 
of London. 
MEMBERS 
FITZGERALD, Robert Desmond, M.I.C.E., ef Newcastle 
upon Tyne. 
GARLAND, Thomas, B.Sc., A.M.I.C.E., of Dublin. 
LovELL, James, of Purley, Surrey. 


TRANSFERS 
Students to Graduates 
ASHMEAD, Martin Paul, of Bristol. 
Graduates to Associate-Members 


BATCHELOR, Robert Charles, of London. 

BRADBURY, Barry James, of Manchester. 

BurcGEss, Kenneth Arthur, of Wilmslow, Cheshire. 

Cox, Anthony James, of London. 

Epwarps, William John Stephen, of Knutsford, 
Cheshire. 

Fitzjoun, Allan Arthur, of Wembley, Middlesex. 

Gacu, Jerzy, of London. 

GREAVES, Brian Eric, of Sale, Cheshire. 

GuPpTA, Sudhindra, B.E., of Calcutta, India. 

HALESTRAP, Terence Leonard, of Virginia Water. 
Surrey. 

Hookins, Barrie Scott, of Worcester Park, Surrey. 

HuntTER, Ian Henderson, of East Kilbride, Lanarkshire. 

Jepson, Wilfred John, of Manchester. 

Josu1, Sudhakar Pandurang, B.E., of Bombay,’ India. 

LAING, John Cranston, of Wishaw, Lanarkshire. 

LupLam, Donald Thomas, of Manchester. 

MIDDLEMIsS, Joseph Watson, of Newcastle upon Tyne. 

Mounscu, Anthony Mark, of Gatley, Cheshire. 

NANDI, Himotpal, of Manchester. 

PaLMER, David Ernest, B.A., of Bromley, Kent. 

RICHARDSON, Albert, of Newcastle upon Tyne. 

Rossincton, Antony Bevan, of Culcheth, Nr. Warring- 
ton, Lancashire. 

Sett, Deb Kumar, B.Sc., B.Tech., of London. 

SLADE, Harry Jerrold, of Edinburgh. 

STIEFEL, John Emil, B.Sc.(Eng.), of Bexley, Kent. 

Tosutt, David Cooper, of Ruislip, Middlesex. 

Trump, Vernon Henry, of Ilford, Essex. 

WEIsE, Milton Ludlow, of Jamaica. 


Associate-Members to Members 


BEALES, William Alfred Rodway, of Germiston, 
Transvaal, South Africa. 

Cuow, Philip Yeong-Wai, M.Sc., A.M.I.C.E., of Kuala 
Lumpur. 

CLARKE, Albert Cecil, B.Sc., of St. Albans, Herts. 

Moses, Charles, B.Sc., of Bombay 5, India. 

Muir, Brigadier Robert Ballantine, C.B.E., B.Sc., 
M.I.C.E., A.M.I.Mech.E., A.M.I.E.E., of Dorking, 
Surrey. 

UHLMANN, Hans Ludwig Bohm, M.A., B.Sc., Ph.D., 
A.M.I.C.E., of Johannesburg, South Africa. 

WARDROPPER, James Edward, M.Sc., M.I.C.E., of 


London. 
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Associate-Members to Retired Assoctate-Members 


CorRNISH, Reginald, A.M.I.C.E., of St. Mellons, Nr. 
Cardiff. 

Forp, Harry, of London. 

Hinton, Tyrell Hughes, of Bosham, Nr. Chichester, 
Sussex. 

PENDRY, James Herbert, F.R.I.C.S., of Norwich, 
Norfolk. 

Members to Retired Members 


Jones, Raymond Clement, of Castle Bromwich, 
“Warwickshire. 

PEATFIELD, Alfred Edgar, A.M.I.Mech.E., of Retford, 
Nottinghamshire. 


OBITUARY 


The Council regret to announce the deaths of Herbert 
Edwin BrRoMLEY (Retired Member), Norman Stuart 
BELLMAN, Chimanlal Motiram MASTER, Tom Beavis 
Magill Witkin (Associate-Members), William LAMB 
(Graduate). 

RESIGNATIONS 

Notice was given that the Council had accepted with 
regret the resignations of Shiva Bagomal Svujan 
(Member), Arthur Crowther Wass (Associate-Member), 
and Wing Cdr. Renald Sydney STEWART (Graduate). 


ANNUAL GENERAL MEETING 


The Annual General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1., on Thursday, May 25th, 1961, 


at 6 p.m. Lt.-Colonel G. W. Kirkland, M.B.E.(Mil.), 
M.I.Struct.E., in the Chair. 
The Assistant Secretary (Lt.-Colonel N. M. Hay, 


M.B.E.) read the notice convening the meeting. 
The Minutes of the Annual General Meeting held on 
May 26th, 1960, as published in THE STRUCTURAL 
ENGINEER, July, 1960, were taken as read and were 
confirmed and signed. 
- Mr. F. R. Bullen (Vice-President) moved the adoption 
of the Sessional Report of the Council and the accounts 
for the financial year, 1960. 

Mr. Brian Scruby (Hon. Secretary) seconded the 
motion, which was carried unanimously. 

Mr. Kenneth Severn, M.C. (Member of Council), 
proposed the re-election of Messrs. James Meston & Co., 
Chartered Accountants, as Auditors for the ensuing 
year. Mr. D. R. Sharp, M.B.E. (Associate-Member of 
Council) seconded the motion, which was carried 
unanimously. 

The Assistant Secretary then read the report of the 
Scrutineers on the ballot for the election of President, 
the Honorary Officers and the Ordinary members of 
Council for the Session 1961-62, as follows :—To: 
The Council of the Institution of Structural Engineers. 
Gentlemen : 

We, the undersigned, report that at the request of 
the President we have duly carried out the duties of 
Scrutineers of the Ballot for the election of Honorary 
Officers and Council for the Session 1961-62, and we 
report accordingly as follows :— 

We received 1020 Ballot Papers, of which we rejected 
four as wholly spoiled and 21 as partly spoiled. We 
have attached a separate sheet showing the number 
of votes received by each candidate. 

We declare the result of the Ballot to be as follows :— 


The Structural Engineer 


KRM Ay RE cn RY 


FN CAR LOPE WPI! 


The President greeting Sir David Eccles, Minister 
of Education, on his visit to the Institution to see 
the Structural Engineering Exhibition which was 
arranged in connexion with the Commonwealth 
Technical Training Week. 


ELECTED 
President: Mr. F. R. Bullen, B.Sc.(Eng.), M.I.C.E. 


Vice-Presidents : Mr. E. N. Underwood, B.Sc.(Eng.), 
M.I.C.E., Mr. F. M. Bowen, M.I.C.E., Assoc.I.Mech.E., 
Mr. H. C. Husband, B.Eng., M.I.C.E., M.I.Mech.E., 
Mr. D. A. G. Reid, B.Sc.(Eng.), M.I.C.E., Dr. D. D. 
Matthews, M.A., M.Sc.(Eng.), D.Eng., M.I.C.E., 
Mr. Brian Scruby. 

Honorary Treasurer: Mr. K. F. Bird, A.M.I.C.E. 

Honorary Secretary: Dr. A. R. Collins, M.B.E., 
D.Sc., M.I.C.E. 

Honorary Librarian: Dr. F. G. 
B.Sc.(Eng.), M.I.C.E. 


Honorary Editor: Mr. G. C. A. Greetham, O.B.E. 


Honorary Curator: Mr. Kenneth Severn, M.C., M.A, 
M.I.C.E. 
The above are all elected for ONE YEAR. 


Elected as Ordinary Members of Council (London) : 
Mr. P. Mason, B.Sc.(Hons.), M.I.C.E., Mr. R. D. 
McMeekin, M.I.C.E., Mr. D. W. Cracknell, M.!.C.E. 
The above are elected for THREE YEARS. 


Elected as Ordinary Member of Council (Country) : 
Dr. W. Eastwood, B.Eng.(Hons.), Ph.D., A.M.!.C.E. 
The above is elected for THREE YEARS. 


Elected as Associate-Member of Council (London): 
Mr. G. B. Godfrey, A.M.I.C.E., A.M.1.Mun.E. 
The above is elected for THREE YEARS. 


Thomas, Ph.D., 
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Elected as Associate-Member of Council (Country) : 


Mr. E. H. Cooley, M.A., A.M.I.C.E, 
The above is elected for THREE YEARS, 
We are, Gentlemen, 
Yours faithfully, 
(Signed) J. E. L. De Bremaeker 
D. H. May 
E. O. Measor 
L. R. Creasy. 


On a motion by the President, a vote of thanks was 
unanimously passed to the scrutineers. 


EXAMINATIONS, JULY, 1961 
The Examinations of the Institution will next be 
held in the United Kingdom and overseas on the 
ith and 12th July, 1961 (Graduateship) and the 13th 
and i4th July, 1961 (Associate-Membership). 


DRURY MEDAL AWARD—1961 
The alternative subjects for this the eighth Competi- 
tion, are a pipe-bridge and a petrol service station. 
Graduates and Students of the Institution not 
over 27 years of age are invited to apply for full 
details to the Secretary, envelope to be marked in 
the top left-hand corner ‘ Drury Medal Award.’ 
The closing date for the competition is October Ist, 
1961. 
The gemeral conditions of the competition are as 
follows : 
(a) The competition shall be for Graduates and 
Students of not more than 27 years of age. 
The subjects of the competition will be designs 
of a structural character, that is to say, in- 
volving structural design rather than planning. 
The subjects of design and the conditions shall 
be prepared and issued biennially. 
A Jury shall be appointed to examine the work 
submitted and to interview candidates if found 
necessary. 
In order to ensure that the design submitted is 
the unaided work of the competitor, the drawings, 
calculations, etc., submitted shall be endorsed 
by the candidate: ‘I declare that the work 
I hereby submit is my own unaided work.”’ 
The declaration shall be signed by the competitor 
and be either countersigned by a corporate 
member, or be certified as made before a Justice 
of the Peace, or a Commissioner for Oaths. 


EXAMINATIONS 
PREPARATION FOR THE EXAMINATIONS OF THE INSTITU- 
TION BY ATTENDANCE AT TECHNICAL COLLEGES 
A candidate for Graduateship or Associate-Member- 
ship may be able to attend a technical college ; these 
notes are intended to guide him in choosing the most 
suital)le instruction. 


PREPARATION FOR THE GRADUATESHIP EXAMINATION 


Technical Colleges offer : 

(a) Full-time or Sandwich courses for degrees or 
for Higher National Diplomas or College 
Diplomas in Building or Engineering. 

(b) Part-time day or evening course for Higher 
National Certificates in Building or Engineering. 

If he obtains a Higher National Certificate or 

Diploma complying with the exempting qualifications 
of the Regulations Governing Admission to Member- 
ship, the candidate will be exempted from the Gradu- 
ateship Examination. 
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Alternatively, he may study subjects selected from 
the available courses and sit the Graduateship Examin- 
ation. At technical colleges, courses are usually 
available in Mathematics, Building Science or Engin- 
eering Science, Strength of Materials, Theory of 
Structures, Surveying and Engineering Geology, but 
students are not normally allowed to select subjects 
from National Diploma or Certificate courses unless 
they can show evidence of sound training in more 
elementary studies. The advice of the college 
authorities should be followed. 


PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 
EXAMINATION 

At some technical colleges there are part-time 
courses in Structural Engineering which cover the 
syllabus of the Associate-Membership Examination. 
At other colleges the candidate must rely on Higher 
National Certificate courses or on advanced courses in 
Building or Civil Engineering covering only part of 
the requirements for the Associate-Membership Ex- 
amination, 

Colleges in List ‘A’ provide at least two years of 
instruction in Theory of Structures and in Structural 
Engineering Design and Practice up to Associate- 
Membership standard. 


List ‘A’ 
Bath Technical College. 
Belfast College of Technology. 
Birmingham College of Advanced Technology. 
Bolton Technical College. 
Bradford Institute of Technology. 
Bridgend Technical College. 
Bristol College of Technology. 
Chesterfield College of Technology. 
Coatbridge Technical College, Lanarkshire. 
Derby & District College of Technology. 
Dudley & Staffordshire Technical College. 
Ewell County Technical College. 
Glasgow Royal College of Science & Technology. 
City of Liverpool College of Building. 
L.C.C. Brixton School of Building, S.W.4. 
L.C.C. Hammersmith College of Art & Building. 
Manchester College of Science & Technology. 
Middlesbrough, Constantine Technical College. 
Nottingham & District Technical College. 
Portsmouth College of Technology. 
Salford, Royal Technical College. 
S.E. London Technical College, Worseley Bridge 

Road, S.E.26. 

S.W. Essex Technical College, Walthamstow, E.17. 
Southampton Technical College. 
Stafford County Technical College. 
Stockport College of Further Education. 
Tottenham Technical College. 
Twickenham Technical College. 
Willesden Technical College, N.W.10. 


Colleges in List ‘B’ provide instruction in Theory 
of Structures to Associate-Membership standard, but 
instruction in Structural Engineering Design and 
Practice is not usually so complete. 


List ‘B’ 
Brighton Technical College. 
Cardiff Technical College. 
Edinburgh, Heriot-Watt College. 
Huddersfield Technical College. 
Leeds College of Technology, ; 
London, Battersea College of Technology, S.W.11. 
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London, Northampton College of Advanced Tech- 
nology, London, E.C.1. 

L.C.C. Westminster Technical College, S.W.1. 

Newcastle upon Tyne, Rutherford College of Tech- 
nology. 

Plymouth & Devonport Technical College. 

Preston Harris Institute. 

Rotherham College of Technology. 

S.E. Essex Technical College, Dagenham. 

Wigan Mining & Technical College. 

Woolwich Polytechnic, S.E.18. 

West Ham College of Technology. 

Students are advised to take the organised courses 

in Structural Engineering where these are available. 


Branch Notices 
" LANCASHIRE AND CHESHIRE BRANCH 
Joint Hon. Secretaries: W. S. Watts, M.I.Struct.E., 
A.M.I.C.E., 11, Newchurch Lane, Culcheth, Nr. 
Warrington, Lancs., and M. D. Woods, A.M.I.Struct.E., 
8, Dennison Road, Cheadle Hulme, Cheshire. 


MIDLANDS COUNTIES BRANCH 
Hon. Secretary : S. M. Cooper, M.I.Struct.E., “‘ Apple- 
garth,’ 56, Hyperion Road, Stourton, Stourbridge, 
Worcs. 
GRADUATES’ AND STUDENTS’ SECTION 
H. T. Dodd, A.M.I.Struct.E., 


Hon. Secretary : 
Grove Lane, Wishaw, Sutton 


Shepherd’s Cottage, 
Coldfield, Warwicks. 


NORTHERN COUNTIES BRANCH 
The following Honorary Officers and Members of 
the Committee have been elected for the Session 
1961-1962 : 
Chairman : Vice-Chairman: D. J. 
E. Ibbotson ; 
Tyne Centre 
Branch Hon. 


L. Dobson ; 
Leggott ; Immediate Past Chairman : 
Branch Hon. Secretary: P. D. Newton ; 
Hon. Secretary: T. H. Nicholson ; 
Treasurer: T. H. Bryce. 

TEES CENTRE 


T. V. Thompson, M. Lapp, L. Kraus, R. Humphreys, 
J. T. Marshall, J. Saddington. 

TYNE CENTRE 
J. Whitten, T. Usherwood, J. H. H. Gillespie, J. A. 
Barr, M. J. Miller, R. H. Rowe. 
Ex Officio Member : D. W. Cooper. 
Hon. Secretary: P. D. Newton, B.Sc.(Eng.), 
M.1.Struct.E., A.M.I.C.E., 6, Cornfield Road, Linthorpe 
Middlesbrough, Yorks. 


NORTHERN IRELAND BRANCH 
Hon. Secretary: L. Clements, A.M.I.Struct.E., 
A.M.I.C.E., A.M.I.Mun.E., 3, Kingswood Park, Cherry- 
Valley, Belfast, 5. 


SCOTTISH BRANCH 
Hon. Secretary: W. Shearer Smith, M.I.Struct.E., 
A.M.LC.E., c/o The Royal College of Science and 
Technology, George Street, Glasgow, C.1. 


SOUTHERN BRANCH 

The following Honorary Officers and Members of the 
Committee have been elected for the Session 1961-62. 
Chairman: J. R. Lowe; Vice-Chairman: H. V. 
Williams ; Immediate Past Chairman: J. J. Leeming ; 
Hon. Auditors: E. W. H. Gifford and N. B. Webber ; 
Hon. Secretary: A. P. K. Tate; Hon. Treasurer: C. 
Carter. Committee: Leslie Turner, J. H. Morris, J. A. 
Harvey, Prof. P. B. Morice, G. V. Holmes, M. Milne. 


The Structural Engineer 


STUDENT.AND GRADUATE REPRESENTATIVES 


M. V. Hone and R. J. Sibley. 

Hon. Secretary : A. P. K. Tate, B.Sc., A.M.L.Struct.B, 
Department of Civil Engineering, The University, 
Southampton. 


WALES AND MONMOUTHSHIRE BRANCH 


Hon. Secretary: W. D. Hollyman, A.M.I.Struct.E,, 
41, Greenfield Avenue, Dinas Powis, Glam. 


WESTERN COUNTIES BRANCH 


Hon. Secretary: $M. S. G. Cuilimore, B.Sc., Ph.D, 
A.M.I.Struct.E., Queen’s Building, University W. alk, 
Bristol, 9. 


YORKSHIRE BRANCH 


Hon. Secretary: W. B. Stock, A.M.I.Struct.E., 34 
Hobart Road, Dewsbury, Yorks. 


UNION OF SOUTH AFRICA BRANCH 


Hon. Secretary: E. B. Kretzchmar, A.M.I.Struct.E,, 
P.O. Box 3306, Johannesburg, South Africa. 

Natal Section Hon. Secretary: J. C. Panton, 
A.M.L.Struct.E., A.M.I.C.E., c/o Dorman Long ( (Africa) 
Ltd., P.O. Box 932, Durban. 

Cape Section Hon. Secretary: R. F. Nortis, 
A.M.I.Struct.E., African Guarantee Building, 8, St. 
George’s Street, Cape Town. 


SECTION NOTICES 
AUCKLAND (NEW ZEALAND) SECTION 


Hon. Secretary : A. Donald, B.Sc.(Hons.), 
A.M.1.Struct.E., 122, Matipo Road, Te Atatu, Auck- 
land, New Zealand. 


EAST AFRICA SECTION 


Hon. Secretary: K. C. Davey, A.M.I.Struct.E., P.O. 
Box 30079, Nairobi, Kenya. 


NIGERIAN SECTION 


Hon. Secretary: A. Brimer, M.I.Struct.E., Brimer, 
Andrews & Nachshen, Private Mail Bag, 2295, Lagos, 
Nigeria. 


REPUBLIC OF IRELAND SECTION 


Hon. Secretary: P. J. Carroll, M.E., A.M.L.Struct.B,, 
A.M.I.C.E., A.M.I.C.E.I., 9, Laburnum Road, Clonskea, 


Dublin, Ireland. 
SINGAPORE AND FEDERATION 
OF MALAYA SECTION 


Hon. Secretary: J. R. M. MacIntyre, A.M.L.Struct.E., 
c/o Redpath, Brown & Co. Ltd., P.O. Box 648, Singa- 


pore. 
SOUTH-WESTERN COUNTIES SECTION 


Hon. Secretary: C. J. Woodrow, J.P., “ Elstow,” 
Hartley Park Villas, Mannamead, Plymouth, Devol. 








